INTRODUCTION 53
The last two centuries witnessed unparalleled social and scientific advancements that 54 have pushed back the frontiers of human longevity [1] [2] [3] . Global life expectancy at birth is 55 estimated to have more than doubled in the past two centuries from 25 years to over 65 years [1, 56 35 ]. Given such improvements, there are important reasons for discerning global patterns of 57 convergence in life expectancy at various ages. Because approaching convergence is intrinsic to 58 achieving health equity, examining heterogeneities in life expectancy, particularly among older 59 multiple data sources and estimation methods (model-based, small area, direct and indirect 123 estimates) based on data availability and reliability [20] . However, in several cases, particularly 124 for the earliest period and for developing countries, these estimates are not internally consistent 125 and require further adjustments. Standard demographic techniques are applied to smooth for 126 under-enumeration and age-heaping as well as death distribution methods or the various 127 combinations of age groups. Mortality rates at older ages are further validated against reference 128 values using the Human Mortality Database (HMD). Also, for earlier periods and in countries 129 with deficient old age mortality data, mortality rates at age 75 and over are smoothed based on 130 the observed average rate of mortality increase by age available through HMD and Max Planck 131 presented. However, for brevity, we focus on eight different age, namely, e00, e01, e05, e25, 139 e50, e65, e75, and e85, with life expectancy at birth and life expectancy at age 85 denoted by e00 140 and e85, respectively. As such, e00 is an important health metric summarizing overall survival 141 experience of the population from birth. Life expectancy at age 1 (e01) and age 5 (e05) can offer 142 insights on convergence status particularly when the child survives the risk of infant and under-143 five mortality. Divergence in life expectancy here would signify an early onset of variation in 144 mortality experience across countries. Similarly, e25 is a critical marker of survival prospects of 
where, y ijk is the life expectancy for a given age threshold in year i for country / area j and 162 geographical region k, β 0 is the mean life expectancy across all countries and time periods, β 1 t 1ijk 163 is the slope coefficient for time variable introduced at level 1, ν k is the effect of school k, u jk isthe effect of country / area within school region k, and e ijk is the residual error term. The random 165 effects and residual errors are assumed to be uncorrelated and normally distributed with zero 166 means and constant variances. The variance parameters are used to compute the variance 167 partition coefficient (VPC), and summarize the proportion of the total accounted variance in life 168 expectancy at any specific level. The level-specific VPC is computed as the ratio of the level-169 specific variance (ν k or u jk ) to the total variance (ν k + u jk + e ijk ). observe that variance in life expectancy across countries has a decreasing trend between the e00 200 and e25 age points but an increasing trend between the e50 and e85 age points. This hints that 201 life expectancies at younger ages is shrinking whereas there is increasing variance at older ages. 202 advantage to countries with lower base levels. This can be due to slow progress among countries 210 with low life expectancy or sustained increments among better-performing countries or both. 211
These patterns are also indicative of socioeconomic, behavioral and other structural factors that 212 influence survival of the older adults and the elderly [13, 16] . 213 expectancy trends we observe. The random intercepts model estimates that geographic region 217 accounts for 58.6% of the total variance of life expectancy at birth, whereas country and year 218 account for 29.4% and 12.0% respectively (Table S1 ). At the other end of the age spectrum 219 geographic region, country and year accounts for 40.0%, 37.4%, and 22.6% respectively of 220 variance in life expectancy at age 85. Interestingly, at older ages, region seems to be relatively 221 less heterogeneous whereas the between-country variations are rather salient. Further, the slope-222 intercept covariances from the random slopes model are significantly negative particularly at 223 younger ages thus indicating potential for convergence whereas such no such association is 224 inferred at the older ages (Table S2) Table 1 reports the log-t convergence test results with the corresponding club allocations 242 at each age threshold (Supplemental Table S3 ). The results confirm that only in case of life 243 expectancy at birth (γ = 0.202, 95% CI: 0.274; 0.131) are all the countries found to be 244 converging whereas grand convergence is not observed for life expectancies at any other age. 245
Nevertheless, in the case of life expectancies at younger ages (e01, e05, e25), most of the 246 countries (over 170) are found to be part of one large common club but overall convergence fails 247 because a few countries are divergent, notably Lesotho and Swaziland. In the "high mortality" 248 convergence club are African countries, former Soviet Union countries, and countries that have 249 in recent decades been subjected to immense political turmoil or war. In fact, the collapse of the 250 Soviet Union has had adverse impact in health and life expectancy in Eastern Europe [15, 16, 19] , 251 and these results are coherent with previous findings. In older age cohorts, particularly former 252 Soviet Union countries diverge from the other countries and are found to converge in another 253 club. These seem to represent the countries that are making the transition to a higher-mortality13 cluster. The result is that in the e75 and e85 age groups, the club membership is rather balanced. 255
For instance, for life expectancy at age 75, the countries can be divided into three broad clubs 256 containing 61 (γ = 0.162, 95% CI: 0.274; 0.131), 62 (γ = 1.069, 95% CI: 1.334; 0.804) and 78 (γ 257 = 0.148, 95% CI: 0.184; 0.112) countries. A complete list of countries and club membership is 258 presented in Supplemental Table S4 . 259 260 We have illustrated that the age-aggregated life expectancy has masked the true pattern 268 of stagnated gains in life expectancy for older populations. In particular, change in lifeincome and low-income countries showed similar magnitudes in life expectancy gains. While 271 poor performing countries are catching up with better performing ones, such sustained increase 272 in life-expectancy improvements at older ages among better-performing countries is associated 273 with continuing advancements in medical sciences as well as general improvements in health 274 behaviors as well as improving physical and financial accessibility to advanced health care 275
[6,10,17,27,28,30,39]. In addition, we observed that variance in life expectancy across countries 276 has a decreasing trend between the e00 and e25 age points but an increasing trend between the 277 e50 and e85 age points. This implies that the inequalities in life expectancy are declining at 278 lower ages and increasing more quickly for the older populations. This finding coupled with an 279 earlier observation regarding increasing between-country variance in life expectancy at older 280 ages, assumes salience and calls for a renewed emphasis on between-country disparities in life 281 expectancy in older populations. To a large extent, the increasing between-country variance has 282 been attributed to major political turmoil (such as the collapse of communist regimes in Central 283
Europe and Eastern Europe), the AIDS epidemic as well as varying pace of diffusion as well as 284 access to medical technology [6] . 285 286 There are two distinct convergent clubs for life expectancy at age 50 (e50 threshold), 287 which resonates with Bloom and Canning's high mortality -low mortality dual regime model. 288
However, we show in the older age cohorts that there is a distinct three club pattern that better 289 captures the nuances in mortality trajectories between countries. Countries without the means to 290 achieve improved rates of diffusion of health technologies and implementation of public health 291 measures [31,32] face a discouraging outlook of being stuck in a mortality trap [13] . In fact, 292 older adults in low-income countries are particularly at higher risk of persistent mortality trends 293 driven by non-communicable diseases [33] . The convergence clustering analysis confirms this 294 persistent mortality trap thesis by identifying club of countries that are not performing very well 295 with respect to life expectancy improvements specifically among the elderly (e65, e75, e85). 296
Although it is promising that we have witnessed absolute life expectancy gains, it is clear that in 297 order to achieve further increments in life expectancy, we have to reduce the mortality risks of 298 the older adults stuck in the mortality trap. In this regard, cost-effective health interventions such 299 as promoting responsible consumption behavior and curbing avoidable health risks such as 300 tobacco use and unhealthy life-style and dietary practices can render substantive impact on life 301 expectancy at older ages. In fact, efforts for mainstreaming preventive mechanisms are still in its 302 infancy, particularly across the low-income countries [10] . It is important that these changes 303 correspond with the epidemiological burden as sole reliance on increasing health care 304 expenditures does not necessarily lead to convergence in health outcomes [18] . European countries, and South Asian countries) devoid of certain fairly basic entitlements of 325 health and livelihood is inimical to human rights and intensifies disparities in adult and elderly 326 survival. Notwithstanding the need for sustaining improvements in maternal and child health, 327 simultaneous efforts and impetus on health and well-being of older adults and the elderly is a 328 growing necessity as humanity continues to push back the frontiers in human longevity. 329 330
